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ABSTRACT 
South Africa host massive deposits of Platinum Group Metals (PGMs) in the Igneous 
Bushveld Complex. These deposits have been mined for a long time and in the process 
Mine sludge has been produced. It has been piled up and there is need to recover PGMs 
locked in it. The conventional way of processing PGMs has proved to be very difficult 
due to ultra-fines in the sludge that causes major loses during flotation. An alternative 
hydrometallurgical process for recovery of PGMs from a mine sludge by leaching using 
a mixture of hydrochloric acid and different oxidizing agents was investigated. It was 
found that the mine sludge contained 8.93 g/t Pt, 6.99 g/t Pd, 2.79 g/t Ru and minor 
percentages of Rh, Ir, and Au.  It had a particle size distribution (PSD) of 84.64% 
passing 38 microns. Major mineral phases present are sphalerite, chalcopyrite, 
pentlandite, covellite, bornite, chromite, and silica as the main gangue. HCL + H2O2 
(1:1) combination managed to leach all the PGMs and gold. HCL + Ferric Chloride 
(1:1) combination managed to leach Pt, Rh and Ru very well but it could not leach Pd. 
Further investigation on the optimization of the leaching conditions is being done.  
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INTRODUCTION 
Bushveld Igneous Complex (BIC) of South Africa contains more than 80% of the world 
known reserves of platinum group metals. These PGMs are found in three main seams 
within the BIC which are Merensky reef, Upper group 2 (UG2) reef and Plat reef [1-3]. 
These reefs have been mine for a very long time using drilling and blasting operations. 
Both open cast and underground mining methods are used. During underground 
operations, dust accumulates in the surrounding atmosphere and the on ground. Spray 
water is used to suppress these dusts and as a mode of transport for the fine dust 
produced to designated stockpile area. These stockpiles are made up of very fine 
material containing a very high grade of PGMs.  
The conventional way of concentrating PGMs is through comminution and flotation 
processes [4, 5]. However, recoveries are low in the flotation process due to inefficient 
flotation of predominantly fine liberated PGMs and base metal sulphides (BMS) losses, 
incomplete or non-liberated values and plant instability. Many losses occurs as we reach 
the ultrafine size particles due to overgrinding. Solution such as using the two-stage 
mill/float (MF1 and MF2) circuits has been used in order to maximise PGM recoveries 
and avoid overgrinding and a coarse primary grind to adequately liberate chromite 
crystals to reduce entrainment into the final concentrate [6]. However, this solution 
cannot be applied to flotation of mine sludge because the material is already very fine 
(<38µm) and flotation processes produce very low recoveries and a very high chromite 
content. Pease et al., [4] looked into designing flotation circuits for high fines recovery 
  
 
and concluded that there is need to avoid overgrinding of chromite and reject it at coarse 
size. 
 
Direct hydrometallurgical processing of flotation concentrates was done by many 
authors [7-10]. It was found that PGMs can be leached in different lixiviants such as 
cyanide, sulphuric acid, chlorine and hydrochloric acid. To get better results, there is 
need to first roast the concentrate and convert the sulphides into oxides which leach 
very well in acids. Strong oxidizing agents are needed to synergise the process [9, 10] 
Rapulane [11], also investigate pressure leaching using sulphuric acid. However, all 
these investigations were done on concentrates. 
In this paper, our aim is to determine the possibility of direct leaching of PGMs from 
mine sludge. The anticipated benefits of direct leaching of PGMs from ores are high 
recoveries, reduced treatment charges, lower working capital and greater marketing 
flexibility [7]. 
 
MATERIALS AND METHODS 
Materials 
The mine sludge used in this study was supplied by one of the South African PGM 
processing plant. All the leaching reagents were obtained from Merck at 98% purity. 
Methods 
Characterisation 
The particle size distribution of the sample was analysed using a Malvern Particle 
analyser. The chemical composition of the sample was established using X-ray 
fluorescence (XRF) spectrometer and inductively coupled plasma mass spectrometry 
(ICP-MS). Mineral phases of the sample were obtained using X-ray Diffraction (XRD) 
Rigaku Ultima IV. 
The PGMs composition of the sample was obtained using fire assay. A 10g sample was 
mixed with a nickel sulphide (NiS) flux, at a 1:3 ratio of the sample to the flux 
respectively. The mixture was poured into a crucible as to place it in the laboratory 
furnace to melt at temperatures of about 1010 °C for an hour. The produced bead was 
placed aside and the slag was again mixed with half the mass of the NiS in the initial 
sample. The mixture was placed in the furnace at 1010 °C for an hour to produce a 
second bead. The two beads were well crushed and poured into a prepared 50 ml of 
hydrochloric acid and heated up at about 120 °C for 24 hours. Once cooled about 0.6 ml 
of tellurium solution was added followed by a slow addition of 8 ml of tin chloride 
while on the plate to produce a precipitate. The precipitate was then filtered off and 
allowed to dissolve in a 1 ml of hydrochloric acid and 0.6 ml of nitric acid mixture 
while the resultant solution was placed aside.  The solution placed aside together with 
the dissolution solution of the precipitate were mixed and diluted to make 30 ml 
solution and analysed using inductively coupled plasma- mass spectrometry (ICP-MS). 
 
 
 Leaching experiments 
The leaching medium was prepared by mixing hydrochloric acid with different types of 
oxidizing agents. 2M HCL was prepared by diluting with deionised water. 1M hydrogen 
peroxide, ammonium chloride, nitric and ferric chloride was prepared using deionised 
water and added to separate beakers containing the HCL acid at a ratio of 1:1 by 
volume. 5 grams of the sample was added to these mixtures to form a solid-liquid ratio 
of 20%. It was then allowed to leach for 2 hours at 60oC whilst stirring. The beakers 
were sealed to prevent chlorine gas from escaping. It was then filtered and the leachate 
analysed using ICP-MS. Basing on the results, the effect of Ferric Chloride and 
Hydrogen Peroxide concentrations was investigated by leaching in different 
concentrations of these oxidizing reagents. 
 
RESULTS AND DISCUSSION 
Characterisation 
The particle size distribution was analysed and the results are shown in Figure 1. From 
Figure 1, it can be seen that 80% of the particles are passing 38µm. Most of PGMs 
flotation takes place at particle size distribution of 55% passing 75µm. Hence, this 
material is too fine for flotation due to low recoveries and high entrainment of chromite 
[7]. However, this particle size distribution is suitable for leaching processes.  
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Figure 1. Particle size distribution of the mine sludge. 
Chemical composition 
The sample was analysed for chemical composition and PGMs composition using XRF 
and ICP-MS respectively and the results are shown in Table 1 and 2. Table 1 shows that 
the sample contains high content of Fe, Si, Al, Mg and Cr. These are impurities and they 
  
 
will cause problems during flotation as naturally floating gangue (talc) as well as 
entrainment of chromite. The existence of base metals shows that the sample contains 
PGMs since PGMs are found in grain boundaries of base metal sulphides and gangue 
[12].  
Table 1. Chemical composition of the mine sludge 
Element Na Mg Al Si S K Ca  Ti 
Weight % 1.01 13.90 12.20 29.30 0.56 0.68 10.10 0.72 
Element Cr Mn Fe Co Ni Cu Zn 
Weight % 12.0 0.24 18.30 0.02 0.40 0.18 0.06 
 
Table 2: PGM composition of the mine sludge 
Element Au Pt Pd Rh Ir Ru 
g/t 0.25 8.93 6.99 1.55 0.7 2.79 
 
Table 2 shows that this is a high grade material containing 20.96g/t PGMs plus gold. 
Many PGMs ores that are being mined and processed contain 3-8g/t PGMs [7].   
However, the flotation concentrates assay 200 to over 2000g/t which is far much high as 
compared to the mine sludge. Hence mine sludge cannot be treated by the traditional 
matte-smelting- refining.  
The mineral phases present were obtained using XRD and the results are illustrated in 
Figure 2. Main mineral phases present that host PGMS are pentlandite, chalcopyrite and 
Pyrrhotite. These results are in agreement with the XRF results.  
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Figure 2. XRD pattern of the mine sludge 
Leaching experiments. 
 The mine sludge was leached using 2M HCL mixed with different oxidizing agents and 
the results are shown in Table 3. From table 3 it can be seen that HCL + H2O2 (1:1) 
combination managed to leach all the PGMs and gold. HCL + Ferric Chloride (1:1) 
combination managed to leach Pt, Rh and Ru very well but it could not leach Pd. 
However, HCL + NH4CL managed to leach a high amount of gold as compared to the 
other three combinations. 
Table 3. Leaching results of the selected systems 
 
Au Ir  Pd  Pt Rh  Ru 
 HCL + NH4CL 4.48 0.92 0 0 2.76 3.14 
HCL + H202 3.33 0.75 1.36 1.38 40.14 11.97 
HCL + HNO3 1.43 0 1.39 0.27 0 0.15 
HCL+ Ferric chloride 1.43 2.53 0 3.67 39.6 13.18 
 
Basing on these results, further investigations on the effect of concentration the 
oxidising agents (H2O2 and Ferric Chloride) was done.  
The effect of H2O2 concentration leaching of PGMs 
The effect of H2O2 concentration was investigated by varying the concentration of H2O2 
at constant concentration of HCL and the results are shown in Figure 3. Figure 3 shows 
that dissolution of Pd and Ir increases with increase in concentration of H2O2 whilst that 
of Rh and Ru decreases. Dissolution of gold is not affected very much with 
concentration of H2O2.  
 
Figure 3. Dissolution of PGMs in 2M HCL and H202 
The effect of concentration of Ferric chloride on leaching of PGMs 
  
 
The effect of concentration of Ferric chloride on leaching of PGMs was investigated by 
varying the concentration of Ferric chloride and the results are shown in Figure 4. 
Dissolution of Ru increased drastically with increase in concentration of Ferric chloride.  
Dissolution of Pt and Rh increased slightly whilst that of Au decreased. 
 
Figure 4: Dissolution of PGE in 2M HCL and Ferrric Chloride. 
The effect of HCL concentration on leaching of PGMs 
The effect of HCl concentration on leaching of PGMs was investigated by leaching 
mine sludge in 6M HCL whilst varying the concentration of H2O2 and the results are 
shown in Figure 5.  
 
Figure 5. Dissolution of PGE in 6 M HCL and H2O2 
 Comparing Figure 3 and 5, there was an increase in dissolution of all PGMs with 
increase in concentration of HCL from 2M to 6M except for Ru and Rd. However, the 
increase in dissolution is not that significant to warrant to leach at high HCL 
concentrations. 
   
 
CONCLUSION  
This preliminary study on direct leaching of high grade fine ores is promising and is 
proposed as a potential method of extracting PGMs from mine sludge. Based on the 
analysis, mine sludge is too fine to be effectively concentrated using the conventional 
froth flotation route, direct leaching could be a more efficient method of selectively 
beneficiating the sludge. A leaching system that can dissolve PGMs was investigated. 
Hydrochloric acid was used as a leaching medium, while varying oxidising agents. 
From the results, it was noted and concluded that NH4CL does not dissolve platinum 
and palladium, HNO3 does not dissolve iridium and rhodium, this set of system cannot 
be used to recover all PGEs.  Even though Ferric chloride did not manage to dissolve 
palladium it dissolved all other PGEs. Dissolving PGEs in hydrochloric acid using 
hydrogen peroxide as an oxidising agent proved to be the most efficient system which 
can dissolve all PGEs. However, additional research work will still need to be 
conducted and optimise the leaching process, and establish the effect of impurities such 
as Fe on the leaching process as well as solvent extraction step for the recovery of 
PGMS from the leachate.  
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